METHODS: This retrospective cohort study used clinic and enrollment data to identify those patients in the pharmacist-managed program and usual care who received at least 100 days of amiodarone therapy with the first prescription for amiodarone (index) from June 1, 2007, through May 31, 2009 (index date). Laboratory test monitoring was recorded at baseline (up to 6 months before the index date), from 1-6 months after the index date, 7-12 months after the index date, and at any time during the year (months [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Alanine aminotransferase (ALT) was evaluated for liver function. Thyroid-stimulating hormone (TSH) and, for patients with abnormal TSH (< 0.4 micro international units [uIU] per mL or > 4.0 uIU per mL), free thyroxine (T4) were evaluated for thyroid function. Rates of pulmonary function testing (PFT) were measured by the diffusion capacity of carbon monoxide tests (D L CO) and annual chest x-rays (CXR); electrocardiograms were not counted. Monitoring rates were compared using Pearson chi-square tests, and logistic regression was used to compare the odds of testing (ALT, TSH, T4, CXR, PFT) between the 2 groups at any time during the year after the index date. Concomitant uses of amiodarone with high-dose statins and of amiodarone with digoxin were compared using Pearson chi-square tests. Hospitalizations and emergency room (ER) visits during the 12-month follow-up period were counted for (a) interstitial lung disease; (b) rhabdomyolysis for patients who received amiodarone with high-dose statins (either lovastatin > 40 mg per day or > 20 mg per day of simvastatin or atorvastatin); and (c) for patients with abnormal digoxin, ALT, TSH, or T4 levels, if the hospitalization occurred within 2 days of the abnormal laboratory value.
RESULTS: There were 2,292 patients who received at least 100 days of amiodarone therapy and met the other inclusion criteria, of whom 181 patients (7.9%) were in the pharmacist-managed group and 2,111 received usual care. There were 90 (49.7%) new amiodarone users in the pharmacist-managed group and 990 (46.9%) in usual care. The 2 groups had similar demographic characteristics except race, with more whites and fewer African Americans, Asians, and Hispanics in usual care. Laboratory monitoring rates for ALT, TSH, and T4 were significantly higher in the pharmacist-managed group than usual care at the first and second 6 months and at baseline for ALT and TSH but not T4. Baseline CXR rates were significantly higher for the pharmacist-managed group than usual care (59.1% vs. 49.3%; P = 0.011). Few patients in either group received PFT tests at baseline, 6.6% versus 3.6% (P = 0.042). After controlling for covariates (age, gender, race, new vs. continuing use, and comorbidities), pharmacistmanaged patients were significantly more likely to have at least 1 ALT test
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within the year after the index prescription (odds ratio [OR] = 3.13, 95% CI = 1.12-8.71), as well as a TSH test (OR = 8.13, 95% CI = 3.27-20.21) and T4 (OR = 2.51, 95% CI = 1.67-3.75). PFTs were also more likely to be given to these patients (OR = 5.89, 95% CI = 3.86-8.99). A higher percentage of patients in the pharmacist-managed group than in usual care were taking a high-dose statin during the 12-month follow-up period (47.5% vs. 36.2%, P = 0.003), but of those patients, a greater proportion were switched to another statin (14.0% [n = 12] vs. 7.5% [n = 57], P = 0.037) or a lower dose (9.3% [n = 8] vs. 3.9% [n = 30], P = 0.022). Six patients in the usual care group (0.79% of patients on high-dose statins) developed rhabdomyolysis, and 5 (0.24% of all patients in usual care) had an admission for interstitial lung disease. The proportions of patients using amiodarone and digoxin concomitantly were similar in the 2 groups (35.9% vs. 31.3%, P = 0.197). Among patients with abnormal laboratory results for ALT, TSH, and T4, or digoxin, there were 2 all-cause hospitalizations and 1 ER visit in the pharmacist-managed group and 34 all-cause hospitalizations and 18 ER visits in the usual care group during the follow-up year. Assuming that all hospitalizations and ER visits incurred in the usual care group were avoidable, approximately $2.14 could be saved for every dollar spent on the pharmacist-managed amiodarone monitoring program.
A miodarone is an effective medication used for the treatment of life-threatening ventricular arrhythmias. It is also used in the treatment of atrial fibrillation (AF), although the U.S. Food and Drug Administration (FDA) has not approved this indication. 1 Approximately 16% of patients with AF have received amiodarone within the first 2 years of treatment. 2 Amiodarone is distributed to the tissues due to its lipophilic properties and is stored in high concentrations in fat and muscle, as well as in the liver, lungs, and skin. It is eliminated through hepatic metabolism and biliary excretion and has an unusually long half-life, averaging about 58 days. 3 Amiodarone is associated with extensive adverse effects that include relatively mild effects (e.g., nausea, photosensitivity, skin discoloration) or more serious adverse effects that include toxicity of the liver, thyroid, and lungs.
The reported frequency of amiodarone-induced toxicities is quite variable. A meta-analysis of 6 double-blind, placebocontrolled randomized trials reported the major adverse experiences that were associated with early permanent drug discontinuation. 4 The study found an absolute net risk (amiodarone rate less placebo rate) of liver toxicity to be 0.6%, with a range from 0.0%-8.3% across the 6 trials. 4 Hypothyroidism was the most common serious adverse experience, with a net risk of 5.9% of patients (range = 0.0%-15.7%). The risk of hyperthyroidism was 0.9% (range = 0.0%-3.6%). 4 Pulmonary toxicity is potentially the most serious adverse effect, and the meta-analysis found a net risk of 1.1% (range = 0.2%-6.3%). 4 Although the incidence of this complication has decreased with the use of lower doses of amiodarone, it can occur with any dose. Pulmonary toxicity usually manifests as an acute or subacute pneumonitis, typically with diffuse infiltrates on chest X-ray (CXR) and high-resolution computed tomography. Other, more localized, forms of pulmonary toxicity may occur, including pleural disease, migratory infiltrates, and single or multiple nodules. 5, 6 With early detection, the prognosis is good. Most patients diagnosed promptly respond well to the withdrawal of amiodarone and the administration of corticosteroids, which are usually given for 4 to 12 months. 1, 7 A number of drug-drug interactions with amiodarone may occur, including digoxin and high-dose statins, defined as lovastatin at doses greater than 40 milligrams (mg) per day or greater than 20 mg per day of simvastatin or atorvastatin. 1, 8 The mechanism of how amiodarone increases the level of digoxin is not well known. However, evidence exists that there is a decrease in the clearance of digoxin, leading to an increased concentration of the drug. This may be due to the inhibition of P-glycoprotein by amiodarone displacing digoxin from its tissue binding sites. 5, 6 According to the package insert, digoxin serum levels can increase by 70% after the first dose of amiodarone is administered. It is recommended to monitor and even decrease the dose up to 50% and consider discontinuing while the patient is on amiodarone.
1 Amiodarone and its metabolite, • Recent studies have shown that pharmacist monitoring of amiodarone appears to improve patient adherence to recommended testing protocols. There is limited information on actual harm avoided by reduction in liver, thyroid, or pulmonary toxicity associated with pharmacist monitoring of amiodarone use.
What is already known about this subject (continued)
• Among patients taking a high-dose statin and amiodarone con- • The proportions of patients with concomitant digoxin and amiodarone use were similar between the 2 groups (35.9% in the pharmacist-managed group vs. 31.3% in usual care, P = 0.197).
Among those patients, 6 in the pharmacist-managed group and 43 in usual care had serum digoxin levels exceeding 2 nanograms (ng) per mL (9.2% vs. 6.4%, P = 0.405). There were 1 hospitalization and 1 ER visit in the pharmacist-managed group and 25 hospitalizations and 17 ER visits in the usual care group for those patients with elevated digoxin levels.
• Among patients with alanine aminotransferase (ALT) levels of • There were 5 hospitalizations for interstitial lung disease among the usual care group only.
• Assuming that all hospitalizations and ER visits incurred in the usual care group were avoidable, we estimated that approximately $2.14 was saved for every dollar spent on the program.
What this study adds
desethylamiodarone (DEA), are suggested to inhibit various enzymes in the CYP450 enzyme group including CYP3A4. Simvastatin, lovastatin, and atorvastatin are the 3 statins currently on the market that are substrates of the CYP3A4 enyzme. When taken concurrently with amiodarone and at the higher doses, there is a potential for toxicity leading to muscle-related adverse events, such as myopathy and rhabdomyolysis. 1, 8 Because of the potential for serious adverse effects, which can result in significant morbidity or mortality, patients treated with amiodarone must be carefully screened and routinely monitored. Current standards, such as those proposed by the North American Society of Pacing and Electrophysiology (NASPE, 2007) , recommend thyroid and liver function monitoring at baseline and every 6 months while on amiodarone.
9 Patients are also recommended to have baseline pulmonary function tests (PFTs) performed and repeated as clinically indicated. CXRs are recommended at baseline and then yearly, and electrocardiograms (ECGs) are recommended at baseline and when clinically relevant. However, a number of studies have reported laboratory monitoring rates substantially lower than recommended. A study of 10 managed care organizations in [2003] [2004] found that only about one-half of all ambulatory patients on amiodarone received both recommended tests for liver and thyroid function. 10 Bickford and Spencer (2006) measured adherence to the NASPE guideline for baseline monitoring among 45 patients initiated on amiodarone therapy during a hospital admission at a medical university. The authors found that 82% received baseline thyroid function tests, and 87% received baseline liver function tests. 11 Baseline CXRs occurred in 87%, and PFTs occurred in 24% of patients. However, only 11% of these patients received all recommended monitoring tests at baseline and only 20%-50% of patients received chronic monitoring at recommended time intervals. 11 A third study performed in a multispecialty group practice in 2008 showed that liver function testing occurred in 53% of new users of amiodarone and 60% of ongoing users; thyroid function was assessed in 75% of new users and in 48% of ongoing users. 12 These studies demonstrate that opportunities exist for improved monitoring of amiodarone therapy.
Managed care pharmacists can play an instrumental role in implementing strategies to improve the monitoring of laboratory values for patients on amiodarone. 13 Recent studies have shown that pharmacist monitoring of amiodarone appears to improve patient adherence to recommended testing protocols. 14 They found that patients who initiated amiodarone after AMS implementation were more likely to receive alanine aminotransferase (ALT) testing, ECG, and CXR than were patients who initiated amiodarone pre-AMS. There was no significant difference in thyroid-stimulating hormone (TSH) monitoring. In contrast, a study that evaluated the effectiveness of an amiodarone management clinic (AMC) at a Veterans Affairs (VA) medical center found that 66% of patients in the AMC versus 37% in the comparison group were compliant with thyroid function monitoring within a year after initiating amiodarone. 15 They were also more likely to be compliant with liver function monitoring (69% vs. 38%).
In a randomized trial conducted by Raebel et al. (2005), a team of clinical pharmacists received computerized alerts about missing laboratory test results for 15 targeted medications and either contacted the patients and reminded them to obtain the test if the physician had ordered it or ordered tests according to the intervention guideline if they had not been previously ordered. 16 The greatest improvement in rates of monitoring between the intervention group and usual care was for amiodarone, where 79% of the intervention group received monitoring compared with 51% in usual care (P < 0.001).
Snider et al. (2009) conducted a retrospective review of antiarrhythmic medications clinic outpatients who were monitored by clinical pharmacists from July 2007 to April 2008. 17 Of a total of 134 patients enrolled in the clinic, 58 were receiving amiodarone and were monitored under protocols based on NASPE guidelines for amiodarone. The authors found that compliance with recommended monitoring tests for amiodarone improved from 20% before the first pharmacist-managed clinic visit to 100% after the initial visit. Amiodarone was associated with the highest rate of adverse events (23% of patient visits); the most common of these adverse events was a clinically significant drug interaction, especially with simvastatin.
Sanoski et al. (1998) evaluated a multidisciplinary amiodarone clinic in an ambulatory setting. 18 Sixty patients were referred to the clinic by their primary physicians and were followed for an average of 9 months by 4 health care specialists: an electrophysiologist, clinical pharmacist, cardiovascular pharmacy fellow, and an electrophysiology nurse. Before clinic enrollment, patients were being treated with amiodarone by their primary physicians for an average of 16 months. After enrollment in the clinic, laboratory tests, including liver and thyroid function tests and CXRs, were obtained every 6 months, and PFTs were scheduled annually. Before referral to the clinic, only 14 (23%) patients had laboratory tests performed according the guidelines used in the clinic. After enrollment in the clinic, 54 patients (90%) received follow-up according to the clinic guidelines (P < 0.001). The authors found that previously unrecognized adverse events were detected in 21 (35%) patients, including 4 patients with pulmonary fibrosis, 7 with hypothyroidism, and 3 with liver enzyme elevation. Six patients (10%) required discontinuation of amiodarone secondary to toxicity.
A number of these studies have been limited either by a small sample size or the lack of an adequate comparison group.
None reported the cost-effectiveness of the interventions.
Our study sought to evaluate a pharmacist-managed amiodarone program compared with usual care in an integrated health care system. We compared liver, thyroid, and pulmonary function monitoring rates between the 2 groups. The proportions of patients on concomitant use of amiodarone and interacting high-dose statins (defined as lovastatin > 40 mg per day or simvastatin or atorvastatin > 20 mg per day) were compared as well as how many were switched to an equipotent safer statin or a lower dose of the current statin if low-density lipoprotein cholesterol (LDL-C) was controlled. Among those patients, we report hospitalizations and emergency room (ER) visits with a principal diagnosis of rhabdomyolysis. We measured all-cause hospitalization and ER use for patients with toxic digoxin levels exceeding 2 nanograms per milliliter (ng per mL) and for patients with abnormal liver or thyroid function tests, as well as hospitalizations and ER visits with a principal diagnosis of interstitial lung disease. Finally, we estimated the return on investment (ROI) of the pharmacist-managed program.
Description of Pharmacist-Managed Amiodarone Program
The pharmacist-managed amiodarone program was composed of a clinical pharmacist working under an organization-specific protocol authorized by the physicians at 2 urban Kaiser Permanente Southern California (KPSC) medical centers. (A description of the KPSC monitoring guideline is presented in Table 1 .) The guideline recommended monitoring of liver (ALT) and thyroid function (TSH and thyroxine [T4] if TSH was < 0.4 or > 4.0 micro international units per milliliter [uIU per mL]) at baseline and every 6 months. It also recommended baseline and annual CXRs, PFTs (including diffusion capacity of carbon monoxide [D L CO]), and ECGs. The patients were not referred to the service but were identified through an electronic medical record (EMR) tool on a monthly basis. Patients on chronic amiodarone therapy were automatically enrolled into the program once the physician approved. Enrollment into the service began on June 1, 2007. A database system tool that pulled data from the EMR tracked adherence to laboratory tests and procedures that were ordered by the pharmacist, and letters were generated by the pharmacist and sent to patients to let them know to come in to complete the tests. If the patient was overdue for a test, the pharmacist would send a reminder by letter or telephone call. The tool also identified patients who were concurrently receiving an interacting statin or digoxin. The pharmacist worked directly with the physician to (a) switch patients to a safer equipotent statin (rosuvastatin or pravastatin, both nonformulary drugs) or a lower dose of the current statin if the LDL-C was controlled and (b) order digoxin serum levels.
The most important role the pharmacist served consisted of actions taken if the results from the ALT, TSH/T4, PFT/CXR, ECG, or digoxin serum tests were abnormal. The pharmacist would initiate or adjust all the thyroid hormone medication while consulting with the primary care physician. The pharmacist would decrease the digoxin dose by 50% or discontinue digoxin in consultation with the cardiologist. 1 All situations involved consulting with the cardiologist to determine if amiodarone should be discontinued versus adjusting the digoxin or thyroid medication. For abnormal ALT results, the pharmacist would work with the cardiologist to discontinue the amiodarone. If the ECG was abnormal, the pharmacist would work with the cardiologist in adjusting the dose or discontinuing the amiodarone. For abnormal CXRs and/or PFTs, the pharmacist worked with both the cardiologist and pulmonologist to make a treatment plan and discontinue amiodarone. Pharmacists in this program did not monitor international normalized ratio (INR) values for patients on warfarin and amiodarone.
■■ Methods
The setting for this study included the 10 KPSC centers that provide health care to approximately 3 million members. Our study used a retrospective cohort design based on KPSC clinical and administrative databases. A list of medical record numbers for patients seen in the pharmacist-managed program at 2 of the medical centers identified the pharmacist-managed group. The usual care group was identified using prescription fill history and enrollment data from the other 8 medical centers without pharmacist-managed amiodarone monitoring. All patients in the study received at least 1 prescription for amiod- To be included in the study, patients had to be aged at least 18 years and enrolled with a pharmacy benefit for at least 1 year before and 1 year after the index date. Patients were excluded if they received less than 100 days of amiodarone, were pregnant, in skilled nursing facilities, or hospice care. Patients were not randomly assigned to the pharmacist-managed group or usual care; rather, all patients on amiodarone who were members at the 2 KPSC medical centers were enrolled into the pharmacistmanaged group with physician approval and were compared with all other patients on amiodarone who were members at 8 other KPSC medical centers (Figure 1) .
Evaluation of a Pharmacist-Managed Amiodarone Monitoring Program
We compared laboratory test monitoring rates between the pharmacist-managed and usual care groups at baseline, during the first 6 months (months 1-6), during the second 6 months (months 7-12), and at any time during the year (months 1-12) after the index date. Because clinicians might rely on laboratory test results up to 6 months before initiation of a drug, we defined baseline as 180 days before the index date. Laboratory tests were identified using Current Procedural Terminology, Fourth Edition (CPT-4) codes and included codes for both single tests and for test panels that may have included 1 or more tests for liver or thyroid function. ALT (CPT-4 code 84460) was evaluated for liver function, and TSH (CPT-4 code 84443) and T4 (CPT-4 code 84439) were evaluated for thyroid function. Laboratory tests that may have been part of a test panel were captured using internal KPSC descriptions of the specific tests, for example, general health panel CPT-4 code 80050 with a description from the laboratory database of "Thyroid Stimulating Hormone." Rates of PFT were measured by D L CO (CPT-4 code 94720) and annual CXRs (CPT-4 code 7102x). ECGs and ophthalmologic exams were not included because of limited data.
As a summary measure, we compared monitoring of each test (ALT, TSH, T4, CXR, PFT) at any time during the year after the index date, adjusting for the following covariates: age, gender, race, new versus continuing use, and comorbidities. Hospitalizations for interstitial lung disease 1 year after the index date were identified using diagnosis-related group (DRG) codes 092 and 093, and ER visits for interstitial lung disease were identified using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) principal diagnosis codes 515, 516.3, and 516.8. Hospitalizations and ER visits for rhabdomyolysis were identified using ICD-9-CM principal diagnosis code 728.88.
Concomitant uses of amiodarone with digoxin and lovastatin greater than 40 mg per day or simvastatin or atorvastatin greater than 20 mg per day were identified using a previously validated method. 19 This method required the days supply of amiodarone with the conflicting drug to overlap by 10 or more days. Concomitant use was counted only once for a given patient, regardless of the number of fills for either drug. If patients were on more than 1 conflicting drug, they were counted for each of the conflicting drugs. The percentages of patients who were on either of the high-dose statins and, of those, the percentages who were switched to either another statin (rosuvastatin or pravastatin) or a lower dose (≤ 40 mg of lovastatin, ≤ 20 mg of simvastatin or atorvastatin), or discontinued use were also evaluated during the year after the index date. Abnormal laboratory results were defined as follows: ALT of 120 units per liter (u per L) or more, TSH of less than 0.4 uIU per mL, TSH of more than 4.0 uIU per mL, T4 of less than 0.81 ng per dL, T4 of more than 1.48 ng per dL, or digoxin levels more than 2.0 ng per mL. Any all-cause hospitalization or ER visit among those patients with abnormal laboratory levels was also recorded. The abnormal laboratory values had to occur within 2 days prior to the hospitalization or ER visit.
Estimated cost avoidance was based on a rate of $1,545 per day for hospitalizations and $451 for ER visits, the average rate for our closed health care system. The pharmacist spent approximately 10 hours per month on this service at an estimated health system cost of $86.88 per hour (salary plus benefits). Total cost avoidance and total expense of the service were used to estimate an ROI for the pharmacist-managed program.
Comparisons between the pharmacist-managed program and usual care were made using Pearson chi-square tests for differences in percentages and t-tests for differences in means. Multivariate logistic regression was used to compare monitoring in the year after the index date between the 2 groups. Odds ratios (ORs) were reported, adjusting for age, gender, race, new versus ongoing use, and Diagnostic Cost Groups (DxCG) comorbidity score. These covariates were used because provider Continuously enrolled with pharmacy benefit 1 year before and 1 year after index date and aged 18 years or older n = 4,343
Exclusions: pregnancy, patients in skilled nursing facilities or hospice, less than 100 days supply of amiodarone n = 2,292 supply of amiodarone in the 12-month period after the index date was similar in the 2 groups as were the DxCG comorbidity scores.
Laboratory Monitoring Rates
Laboratory monitoring rates for ALT were significantly higher for the pharmacist-managed group than usual care (Table 3) . At baseline, 84.0% of the patients in the pharmacist-managed group had been tested, compared with 76.3% in usual care (P = 0.019). During the first 6 months after index, 84.5% of the patients in the pharmacist-managed group had been tested, compared with 69.7% in usual care (P < 0.001). ALT monitoring rates continued to be significantly higher for the pharmacist-managed group in months 7-12 (75.7% vs. 61.5%, respectively, P < 0.001) and overall for months 1-12 (95.0% vs. 87.1%, P = 0.002) following the index date. Monitoring rates for TSH were also significantly higher in the pharmacist-managed group than in usual care at baseline (70.2% vs. 62.7%, respectively, P = 0.046), during months 1-6 (81.8% vs. 50.2%, P < 0.001), months 7-12 (77.3% vs. 46.8%, P < 0.001), and during the entire year of follow-up (93.9% vs. 70.3%, P < 0.001).
There was no significant difference in rates of T4 monitoring adherence to monitoring may be affected by the extent of patient comorbidities (i.e., sicker patients or new users may be tested more often), or, alternatively, patients' ability or willingness to come in for tests may be affected by demographic characteristics or comorbidities. New use was defined as an initial dispensing of amiodarone during the study period (the index date), with no dispensing in the 6 months preceding the index date. We used the DxCG score as a measure of comorbidity because this score is similar to the risk-adjustment method used by the Centers for Medicare & Medicaid Services and includes patient encounter-based indicators for a variety of chronic conditions, including coronary heart disease, heart failure, diabetes, and hypertension. 20 A P value of 0.05 determined statistical significance. All analyses were conducted using SAS version 9.2 (SAS Institute Inc., Cary, NC). The Institutional Review Board of KPSC approved this study.
■■ Results
A total of 2,292 patients met the study criteria (Figure 1 ). There were 181 patients (7.9%) in the pharmacist-managed amiodarone monitoring group and 2,111 in usual care. Demographic characteristics were similar between the 2 groups, with the exception of race (Table 2) . Significantly higher percentages of African Americans, Hispanics, and Asians were treated in the pharmacist-managed group than usual care. A significantly higher percentage of patients in usual care was classified as unknown racial origin. Approximately one-half of the patients in each group were new users of amiodarone. The average days Among those patients from the usual care group who used 1 of the 3 high-dose statins and amiodarone concomitantly, 6 patients (0.8% of those using a high-dose statin, 0.3% of the usual care group overall) had an encounter with a primary diagnosis of rhabdomyolysis (Table 5 ). There were 5 hospitalizations and 3 ER visits associated with rhabdomyolysis. No patients in the pharmacist-managed group had an inpatient admission or ER visit with a primary diagnosis code for rhabdomyolysis.
Evaluation of a Pharmacist-Managed Amiodarone Monitoring Program
The proportions of patients using amiodarone and digoxin concomitantly were similar in the 2 groups (35.9% [n = 65] vs. 31.3% [n = 660], P = 0.197; data not shown). Among those, 6 in the pharmacist-managed group and 43 in usual care had serum digoxin levels more than 2 ng per mL (9.2% vs. 6.4% of concomitant amiodarone/digoxin users, respectively, P = 0.405; data not shown). In the pharmacist-managed group, 1 patient was admitted to the hospital, and 1 went to the ER within 2 days of an elevated serum digoxin level, compared with 25 hospitalizations and 17 ER visits in the usual care group (Table 5) .
One patient in the pharmacist-managed group experienced an ALT exceeding 120 u per L, which was associated with a hospitalization within 2 days following the elevated ALT, while 19 patients in usual care had elevated ALT with 7 hospitalizations and 1 ER visit. One patient in the pharmacist-managed program had abnormal thyroid function results, whereas 8 in usual care did, with 2 hospitalizations. Finally, in the pharmacist-managed program, there were no hospitalizations for interstitial lung disease after starting amiodarone treatment, compared with 5 in the usual care group.
Estimate of Return on Investment
There were 44 potentially avoidable hospitalizations in the usual care group at a cost of $372,345. The cost for the 22 ER visits was $9,922, which yielded a total potential cost avoidance of $382,267 (data not shown). The cost of the pharmacist-monitoring program for the study period was $10,425 or approximately $58 per patient, derived from the pharmacist's time of 10 hours per month multiplied by the pharmacist wage plus employee benefits rate of $86.88 per hour. If the cost of the program is extrapolated to all other patients treated with amiodarone in our medical care program, the total cost of the pharmacist-managed program for the 2,111 usual care patients at baseline, but they were significantly higher than usual care during months 1-6 (41.4% vs. 23.4%, respectively, P < 0.001), months 7-12 (41.4% vs. 21.5%, P < 0.001), and months 1-12 (55.8% vs. 34.0%, P < 0.001).
CXR rates were significantly higher for the pharmacistmanaged group than in usual care at baseline (59.1% vs. 49.3%, respectively, P = 0.011) and during the first 6 months (43.1% vs. 35.1%, P = 0.030). There were no significant differences in CXR rates in months 7-12 or during months 1-12. For PFT, monitoring rates were slightly higher in the pharmacist-managed program at baseline (6.6% vs. 3.6%, P = 0.042) and substantially higher during months 1-6 (33.7% vs. 8.9%, P < 0.001). A significant difference between the 2 groups remained during the last 6 months of follow-up (25.4% vs. 6.6%, P < 0.001) and overall for months 1-12 (51.9% vs. 14.0%, P < 0.001).
After controlling for relevant covariates in logistic regression analyses, the odds of receiving at least 1 ALT test within the year after the index prescription were 3 times as high for pharmacist-managed patients compared with usual care patients (OR = 3.13, 95% confidence interval [CI] = 1.12-8.71; Table 4 ). Odds were 8 times as high for getting a TSH test (OR = 8.13, 95% CI = 3.27-20.21) and 2.5 times as high for having T4 levels tested (OR = 2.51, 95% CI = 1.67-3.75). Odds of receiving PFT were also higher for pharmacist-managed than usual care patients (OR = 5.89, 95% CI = 3.86-8.99). ORs for CXR did not reach statistical significance.
Clinical Outcomes
A higher proportion of patients in the pharmacist-managed group than in usual care were taking either lovastatin at more than 40 mg per day or either simvastatin or atorvastatin at more would be approximately $121,587. Assuming that all hospitalizations and ER visits in the usual care group were avoidable and based on the ROI calculation of the difference between the costs avoided and the cost of the program, divided by the cost of the program, we estimate that for every dollar spent on the program, $2.14 ([$382,267-$121,587]/$121,587) could be saved through reduced hospitalizations and ER visits related to adverse drug events among patients treated with amiodarone.
Evaluation of a Pharmacist-Managed Amiodarone Monitoring Program

■■ Discussion
We found that a pharmacist-managed amiodarone program was associated with an increase in the percentage of patients who received laboratory monitoring and PFTs compared with usual care. The trends in monitoring rates for ALT were similar to those in the study by Johnson et al. of the pharmacist-managed AMS in KP Colorado, which found significantly improved ALT monitoring post-AMS compared with pre-AMS (84% vs. 69% at 1 year).
14 However, Johnson et al. did not find a significant improvement in TSH monitoring (68% vs. 64% at 1 year) and suggested that monitoring was higher for ALT because it was routinely performed for patients prescribed statins. The Johnson et al. study also found that adherence to CXR monitoring rates in the first year of amiodarone therapy were significantly lower post-AMS than pre-AMS (53% vs. 71%). The CXR rate during 1 year of post-index follow-up in the present study (56.9% in pharmacist-managed care) did not significantly differ from 50.0% in the usual care group and was similar to the AMS rate (53%) in the study by Johnson et al. CXR requires authorization from a physician, as opposed to routine blood tests, which could be initiated by a pharmacist. In addition, appointments must be booked for CXRs, whereas the patient can get a laboratory test done at any time.
For PFT, the study by Bickford and Spencer found that 24% of patients had received these tests at baseline, and the authors suggested room for improvement. 11 The baseline PFT monitoring rates in the present study (6.6% in the pharmacist-managed group and 3.6% in usual care) were substantially lower than that reported by Bickford and Spencer, and during the first 12 months post-index, the PFT monitoring rate in the present study was only slightly more than 50% in the pharmacistmanaged group. Thus, there is also room for improvement at our institution. PFTs also require booking an appointment, and the procedure is available only at the main medical center, unlike CXRs, which can be obtained at clinics outside of the main medical center.
We found very few cases of liver-related adverse events. This finding is consistent with clinical trial data where the incidence of liver toxicity has been reported as 0.6%. 4 Johnson et al. used ICD-9-CM codes and manual chart review to identify liverrelated adverse event rates of 0.8% in the AMS group and 1.7% prior to AMS implementation. Thyroid-related events (also defined using ICD-9-CM codes for thyroid disease and confirmed through manual chart review) occurred in 3.9% of the AMS group and 6% of patients prior to AMS implementation. 14 We found very small numbers of patients with abnormal TSH and T4 lab results who were hospitalized or had an ER visit. 23 These services were mostly hospital based, which may account for the higher ROI compared with the present study. However, 2 ambulatory care clinics, which reported rates of $1.02 and $2.89, were included in the analysis by Perez et al.
Limitations
Foremost among the study limitations is that patients were not randomized to the pharmacist-managed group versus usual care; therefore, it is not possible to say that the pharmacistmanaged care was responsible for the higher rates of laboratory monitoring. It is possible that the results were attributable to systematic bias introduced by selection into usual care versus pharmacist-managed amiodarone care or that the 2 groups differed in other ways, such as socioeconomic status and ease of transportation, which may have affected monitoring or the patients' ability to complete their recommended tests. We used covariates to adjust for age, gender, race, new versus continuing use, and DxCG, but we cannot rule out the potential for selection bias. Second, laboratory tests and PFTs may have been ordered for a reason other than monitoring for amiodarone treatment and therefore might overestimate the prevalence of recommended testing. Third, this was a retrospective database analysis, and the data were not verified by a more detailed medical chart (EMR) review. Therefore, there could be potential misclassification of some measures, especially the drugdrug interactions. For example, some drugs may have been purchased but not taken, or the patients may not have taken them simultaneously. Patients may also have been told verbally to take a reduced dose or stop taking a medication, and this instruction would not be captured in the database. Fourth, the sample size of the pharmacist-managed group may have been too small to adequately detect outcomes of low frequency, such as interstitial lung disease and rhabdomyolysis. Fifth, the ROI analysis assumed that all usual care group hospitalizations and ER visits were avoidable, but a small number of these events occurred in the pharmacist-managed group. Finally, we did not assess patient or physician satisfaction. However, we have received positive feedback from physicians, which has played a role in expanding the program to the other medical centers in the KPSC region.
■■ Conclusions
This study suggests that pharmacist management of patients treated with amiodarone can improve rates of monitoring of recommended laboratory tests and PFTs. Increased monitoring may potentially reduce hospitalizations and ER visits associated with failure to adjust drug regimens and dosages for amiodarone and drugs that interact with amiodarone, specifically digoxin and high-dose statins.
The difference may be one of measurement: the Johnson et al. study was based on any hospitalizations or ER visits related to thyroid toxicity, which may have captured more patients than did the present study, which identified patients based on abnormal laboratory test results first and then looked for hospitalizations and ER visits within the subsequent 2-day period. Alternatively, the higher rates of thyroid monitoring in the present study may have led to fewer adverse events. The incidence of pulmonary toxicity has been reported at 1.1% from clinical trial data. 4 Johnson et al. found pulmonary adverse event rates of 0.8% in the AMS group and 1.9% pre-AMS. We found no pulmonary adverse events in the pharmacist-managed group and 0.2% in usual care.
There appears to be a continuing need for health plans to monitor patient exposure to the combination of amiodarone and high-dose statins. Snider et al. reported that the most common adverse events that were identified by the clinical pharmacists in their antiarrhythmic monitoring clinic were clinically significant drug interactions, the most frequent being amiodarone and high-dose simvastatin. 17 In the study by Karimi et al. (2010) of a safety initiative for patients on concomitant amiodarone and simvastatin, 92 patients, representing 0.52% of simvastatin users, were using these medications concomitantly for an average of 43 months at a VA medical center. 21 Karimi et al. did not assess adverse events, but a review of 30 clinical trials showed the rates of rhabdomyolysis for statins versus placebo to be 0.016% and 0.012%, respectively. 22 An FDA safety alert issued in August 2008 reported 52 cases of rhabdomyolysis in patients receiving concomitant amiodarone and simvastatin in doses greater than 20 mg per day. We found 6 cases in the usual care group (0.79% of those on high-dose statins). Although some patients in both groups were switched to a safer statin (pravastatin or rosuvastatin) or a lower dose, about 30% discontinued statin use altogether. One explanation could be that because pravastatin and rosuvastatin are not formulary agents (the only statin formulary drugs are simvastatin and lovastatin), patients may have preferred to stop using a statin rather than pay higher out-of-pocket costs. Additional research on patient behavior regarding switching to safer alternatives among nonformulary medications would be beneficial.
The study by Graham et al. (2004) conducted at the VA found that 41% of patients enrolled in their pharmacist-managed AMC and 21% in the control group were on concomitant digoxin therapy. 15 The mean (SD) digoxin drug concentration was 0.87 (0.50), and the authors did not report any adverse effects related to digoxin use. The proportion of patients in the present study on concomitant digoxin was within the range reported in the study by Graham et al. However, 1% of patients in the pharmacist-managed group and 2% in usual care had elevated digoxin concentrations and were either hospitalized or were seen in the ER. This was the most common adverse event in the present study, which suggests a need for increased vigilance of patients on concomitant amiodarone and digoxin.
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